Objective-To assess the effects of a computerised protocol management system on the number, cost, and appropriateness of laboratory investigations requested.
The liver unit at this hospital is a specialist unit with a particular interest in liver failure and transplantation and is a secondary and tertiary referral centre for patients with serious liver disease. It is a significant user of laboratory resources, requesting 63 871 clinical chemistry tests in 1990 (10-1% of the total workload of the clinical chemistry laboratory at this hospital), and is the main source of requests for many of the more complex and expensive investigations in the laboratory's repertoire. In 1989 the unit had devised a set of laboratory investigation protocols in an attempt to improve the appropriateness of its laboratory requesting. However, the complexity of some of these protocols (see appendix for examples) made it extremely difficult for house officers to comply with them exactly when requesting investigations.
It was this complexity that prompted us to design a computerised protocol management system for the unit. This decision support system expressed the unit's existing investigation protocols (see appendix) in the form of rules based on information regarding each patient's current clinical state (for example, assessment, transplant, etc) and latest pathological results. By evaluating these rules, the system proposes the investigations to be performed on each patient on the following day. Once these proposals have been authorised, with modification if required, labels for request cards and specimen tubes are printed. The computerised protocol management system was introduced into the unit on 1 January 1991. A study was undertaken to assess whether the routine use of such a system had any effect on the time spent by house officers requesting laboratory investigations and inquiring about specimens or results; the appropriate use of laboratory services; and the training of the junior clinical staff. This study was not concerned primarily with the effects of the protocols themselves but with the effects of using a computer system to implement them. After introduction of the system the time house officers spent requesting laboratory investigations and inquiring about specimens or results was reduced 59%.3 A broad comparison of two three-month periods before and after the introduction disclosed significant decreases also in the number of clinical chemistry tests requested for both transplant and non-transplant recipients (10% and 29% respectively).
In this paper we report in detail the clinical chemistry requesting of the unit in the year before and the year after the introduction of the system. We determine the effect the system had on the requesting behaviour of the house officers and attempt to assess whether the system trained them to request more appropriately.
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Methods

PROTOCOLS
The investigation protocols (see appendix) for each category of inpatient seen in the unit had been developed by the senior clinicians in an effort to improve the appropriateness of the investigations requested. They consisted of a combination of static and dynamic rules: static rules are those which propose investigations for any patient with a certain classification for a specified number of days (for example, "propose liver function tests for any transplant recipient on each of the first 14 days"); dynamic rules are those which use the results of previous analyses to determine which investigations to propose (for example, "if a transplant recipient's latest potassium result is >5.1, propose urea and electrolyte tests for that patient tomorrow"). Thus the investigations proposed for a patient within a particular category will consist of the "core" set of investigations proposed for all patients in that category plus any additional proposals triggered by the results of previous analyses.
Before the introduction of the protocol management system the complexity of these protocols had prevented them from being implemented properly. In particular, it was known that for many patients investigations in the assessment protocol (see appendix) were frequently omitted and that some of the more common investigations were repeated more often than necessary.
When introduced into the unit, the computerised protocol management system had been using the existing protocols. Four months after a modification was made, as follows. Previously, a plasma calcium measurement was automatically requested whenever liver function tests (albumin, alkaline phosphatase, aspartate aminotransferase, and total bilirubin tests) were requested; subsequently a plasma calcium measurement had to be requested specifically. No other major changes were made in the year after introduction of the system, although the original "assessment" classification has since been replaced with several disease-specific classifications (for example, "Wilson's disease assessment"), each with their own investigation protocol. yet not proved to be necessary.
FEEDBACK
The system automatically records any result received from the clinical chemistry laboratory's computer for a patient in the unit and also determines whether this investigation was proposed by the protocol management system. With this information a monthly summary of the investigations performed on these patients is provided to the consultants, showing the total number of requests for each investigation, for patients in each clinical category, and for each day of the month. For each of these totals the proportion of requests proposed by the protocols is also shown, giving some measures of "protocol performance." This information is used by the consultants as a basis for regular discussion with the junior staff regarding possible amendments to their current practice or to the protocols (for example, expanding the number of patient classifications, adding further dynamic rules and modifying the existing rules, etc), or both. Thus the performance of the protocols is constantly being reviewed in the light of the latest information, and the original protocols have now been considerably enhanced.
SETTING
The study involved 1487 consecutive patients admitted to the unit in the year before and the year after the introduction of the computerised protocol management system (calendar years 1990 and 1991 respectively 
The total number of results received by the system for patients in the year after its introduction was obtained from the system, as was the total number of these investigations proposed by the protocols: these figures were used to calculate an overall measure of "protocol performance." Tables 1 and 2 *p < 0.05, **p < 0-01, ***p < 0-001. Figure 1 shows that for 10 of the less common tests the degree of compliance with the existing protocols increased significantly after introduction of the system. Compliance was calculated as the percentage of those patients requiring a particular investigation (according to the protocols) who were actually tested. It was less than 1000%o because some investigations proposed by the system were not done, as results from other hospitals were already available. In addition, a comparison of patients' classifications on the system with their notes disclosed that some patients had been incorrectly classified.
Results
USAGE AND EXPENDITURE
Improved compliance resulted in an increase in the usage of some of the less common tests, which generally tend to have higher unit costs. Most of the tests in figure 1 were requested for patients undergoing initial assessment, which explains why, for this category, a 25% decrease in the total number of tests requested per patient day ( (fig 1) .
Clearly scope still exists for improving the appropriateness of laboratory testing, perhaps by refinement of the existing protocols and certainly through the implementation of more specific protocols.
This system is a tool to be used by the house officers in the course of their normal duties and is designed to alleviate the drudgery of some of their more mundane tasks. It does not remove or diminish the house officers' role in the laboratory investigation of their patients since they are able at any time to request a set of investigations which is different from that suggested by the system. However, the monthly feedback provided to the consultants enables the requesting patterns of junior staff to be monitored closely. The senior clinicians discuss any regular and systematic deviations from the protocol with their house officers, thus educating them in the appropriate use of laboratory services.
The efficacy of the protocols can be judged by measures of protocol performance (for example 83% of all tests requested were proposed by the protocols), although it is not possible to state a standard level of acceptability with which to compare such measures. However, if the protocol performance were poor little or no time saving would be achieved through using the system and the monthly feedback would show systematic deviations from the protocols. Since neither of these is true for this system, and accepting that there will always be the need to perform additional tests on very sick patients, the protocols used seem to be performing well.
The introduction of the computerised protocol management system has several implications for the quality of patient care: patients are more likely to be investigated in a manner deemed appropriate by the consultant, which will improve the information available, enabling better decisions on patient management; resources are used more appropriately and therefore more effectively; and the decreased amount of time spent by the doctor performing routine tasks allows more time for medical activity.
The system described here was introduced into a specialist unit and was concerned only with pathological investigations. However, a similar approach could be adopted in any setting in which investigation protocols pertain. In particular, there is a need to extend the scope of the system to include other laboratory services such as radiology and to implement the system in other clinical settings. Indeed a second system has been in routine operation in another specialist unit'0 for over a year and a further two have just been introduced into general medical settings. As more hospitals begin to use these systems there will be the potential to compare different protocols for the same clinical conditions with a view to establishing a wider consensus on appropriate investigation. We believe that computerised decision support systems such as these provide a much more structured approach to investigation and therefore will play a major part in the health care process.
